to the routine determination of l7-oxosteroids. In each case good colours are regularly obtained even from crude urine extracts.
Dehydroepiandrosterone (DHA) can be used as the working standard in the Zimmerman reaction. A factor of 1·62 is used to convert ug, DHA into~g. l7-0HCS. This is the product of 1·35-difference in chromogenicity of DHA and ll-hydroxyretiocholanolone (ll-HE}-and 1·20 -difference in molecular weight between ll-HE and l7-0HCS.
Reliability :
When setting up the method recovery experiments should be carried out using, for example, tetrahydrocortisone. Cortisone and cortisol are not ideal for this purpose. The recovery should not be less than 80 %.
The specificity of the method when applied to both normal and pathological urines is good. The only check on specificity that can be made routinely is to observe the final Zimmerman colour. Any atypical colour at this stage should be regarded with suspicion and is probably due to interference by drugs. Drugs known to interfere include meprobamate, barbiturates, epanutin and contrast media used in arteriography. No doubt many others are also objectionable.
Preliminary extraction of the 17-0HCS conjugates from urine.
The pH of the urine should be under 7. Dissolve 10 g. ammonium sulphate in 20 ml, urine. Extract three times with 15 ml. of 3: 1 ether-ethanol mixture. Combine the extracts and evaporate to dryness. If a rotary evaporator is not available the solvent may be removed with a stream of nitrogen while heating in a water bath at 50°C. The last 2-3 ml. need not be removed as it is essentially water. Re-dissolve the residue in 20 ml, distilled water, adjust pH to 7 and proceed as usual.
Footnote-A few 'method sheets' are available from the author. Kelley et a/ (1952) ; Dorfman, (1954) ; Bongiovanni, (1953) ; Mattox et al (1964) ; (4) Bongiovanni (1961 and 1962) ; Hamilton and Brush (1964); (7) Prader and Siebenmann (1957) . increased formation of cortisol precursors and an enlarged adrenal cortex. The clinical condition is called congenital adrenal hyperplasia, is familial (i.e. it breeds true, Hubble, 1965) and is due to lack of an enzyme, as with the other inborn errors of metabolism.
The nature of the enzyme defect is shown by the nature of the precursor but, whilst it may be sought in plasma, it is much simpler to seek the metabolites in the urine. Several precursors are possible depending on the enzyme defect and these are set out in the figure for the steps from cholesterol to cortisol. (Fig. 1) .
In practice the last two steps, (1) and (2), 11and 21-hydroxylation, are the most interesting because, as far as is known, they are of most common occurrence, although the defect at step (2) is 20 times as common as that at (1). The patient with the l l-hydroxylation defect (1) presents with tetrahydro-ll-deoxycortisol (THS) in the urine and the 21-hydroxylation defect (2) with pregnanetriol.
Both steroids may be accompanied by metabolic bye-products; (i) increased 17-ketosteroids (17-oxosteroids) in 80% of cases correlates with observed androgen effects, virilization of girls and precocious puberty of boys. (ii) salt loss in 30 %of patients is due to failure of salt retaining hormone (aldosterone). These children may die within a few hours of onset of vomiting and confirmation of diagnosis is urgent. (iii) hypertension is frequently observed with the l l-hydroxylation defect.
Children with the step (4) defect, lack of 3-p-hydroxysteroid dehydrogenase, are not virilized since 17-hydroxylation, the necessary preliminary of androgen production, has not occurred. They are admitted vomiting and with low plasma sodium levels.
In seeking a chemical method of detecting failure of cortisol production attention is best directed to step (1) since cortisol alone possesses the ll-oxygen substituent. Hill (1960) chromatographed on alumina the I7-ketosteroids produced in the Appleby et ai, (1955, NaBIO a oxidation) procedure, obtaining non-l l-oxygenated and ll-oxygenated fractions. The ratio of the quantities of these is a measure of the degree of II-oxygenation-we now term this the l l-oxygenation index and it is defined as non-1l-oxygenated-I7-hydroxycorticosteroids / 11oxygenated-17-hydroxycorticosteroids.
This ratio is independant of diurnal variations and urine volume, essential features for emergency application on non-timed urine specimens.
Edwards et ai, (1965) modified Hill's procedure to use the periodate oxidation of Few (1961) , paper chromatography and the Epstein and Zak (1963) Zimmermann reaction procedure on paper. This made it possible to obtain a subjective estimate within 5 hours of receiving the urine specimen and the value of the index in 6 hours. The value of the index is low (average 0'32±0'19 S.D.) in the normal person but cases of congenital adrenal hyperplasia showed values ranging from 1·0 to 8·4.
The l l-oxygenation index procedure misses defects prior to 17-hydroxylation as did the earlier procedures. Unlike these, however, the index detects all the 11-and 21-hydroxylase defects whereas the I7-ketosteroid value is not raised in 20 % of the cases. Pregnanetriol is raised only in the 21-hydroxylation defect, not in the l l-defect, and furthermore must be carried out on 24 hour urine collections so that a differentiation may be obtained from the normal level of excretion. The pregnanetriol determination involves overnight P-glucuronidase hydrolysis and is thus all the more unsuited for emergency application.
The 17-hydroxycorticosteroid value is of little use because levels are raised in both failure of cortisol biosynthesis and in excessive cortisol production (Cushing's syndrome). It is necessary to differentiate these conditions and the 11oxygenation index does so.
Special population studies have shown higher incidences of congenital adrenal hyperplasia than those generally found. Thus, Hubble (1965) examined live birth statistics in Birmingham and detected 1:47 heterozygotes and 1:8,831 homozygotes. Childs, Grumbach and Van Wyk (1956) reported 1:128 and 1:67,000 in Maryland whilst Prader (1958) reported heterozygotes only at 1:35 for the Zurich canton.
Application of the l l-oxygenation index procedure may help to screen children with vomiting and abnormal genitalia for cases of congenital adrenal hyperplasia. Treatment then replaces the missing hormone, cortisol, with a synthetic analogue (e.g., prednisolone) supplemented, when necessary by a synthetic mineralocorticoid.
